The effects of ethyl picolinate on germination, outgrowth, and sporulation of Bacillus cereus T were studied in a synthetic medium containing glucose. Ethyl picolinate specifically inhibited at two stages, outgrowth and sporulation. The initiation of germination and cell division was not affected. The inhibition of outgrowth by ethyl picolinate could be reversed by enrichment of inoculum with aspartic acid, asparagine, lysine, phenylalanine, and tyrosine among the amino acids and by oxalacetate. Nicotinic acid and nicotinamide also possessed this ability. Ethyl picolinate failed to block outgrowth when added to cultures incubated for a short time after inoculation. Enrichment of the medium with lysine plus zinc sulfate stimulated sporulation in the presence of ethyl picolinate to a significant degree.
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Among several species of bacilli commonly found in milk, Bacillus cereus is most frequently implicated in spoilage of milk and milk products (13) . Realization that the selective inhibition of specific stages during germination is the best approach to prevent this spoilage has led to the search for metabolic inhibitors. The inhibitory compounds reported to date belong to the following classes: long-chain fatty acids (3), analogues of amino acids (2, 6) , purines and pyrmidines (2, 9) , metal chelators and ions (7) , and antibiotics (5).
Upreti et al. (12) reported that ethyl picolinate (EP) at a concentration of 2.22 x 10-2 M inhibited sporulation of several species of bacilli. They later reported (10) that, in addition to inhibiting sporulation, EP also blocked the germination of B. cereus T spores when spores were inoculated in a chemically defined medium. However, the spores germinated when they were inoculated in glucose-yeast extractsalts medium (10 Plates were incubated at 37°C for 24 h before counting. EP was prepared from 2-picoline (11) and added without sterilization at the indicated times to give a final concentration of 3.7 x 10-2 M. All enrichments with amino acids and other compounds were made at a final concentration of 1 mg/ml with the exception of vitamin-free Casamino Acids, which was added at 0.4% (wt/vol). Agar, peptone, and beef extract were obtained from Difco Laboratories, Detroit, Mich. 2-Picoline, CaCl2 * 2H2O, and L-glutamic acid-monosodium salt were from E. Merck AG, Darmstadt, Germany. All other chemicals used were obtained from the Biochemical Unit of the Vallabhbhai Patel Chest Institute, Delhi, India.
RESULTS
Effect of vitamin-free Casamino Acids on the inhibition of outgrowth by EP. show a rise in absorbance. When CDGS + EP or amino acid-deficient CDGS + EP (CDGS plus EP without amino acids) cultures were enriched with vitamin-free Casamino Acids (added to inocula), absorbance rose but at a lower rate and after a prolonged lag period. At the time of termination of the experiment, after 60 h of incubation, refractile and heat-resistant spores were produced in controls (without EP), and the pH's of cultures rose to 8.3 and 8.4 (Table 3) . Although the addition of vitamin-free Casamino Acids into EP-added cultures relieved the block on outgrowth as mentioned above, it permitted only partial reversal of the block on sporulation (20 to 30% sporulation). No changes occurred in the total viable counts and pH's of cultures in CDGS media having EP in the inoculum (Tables 2 and 3 ). Irrespective of the nature of the medium in which spores were inoculated, they remained viable in the presence of EP and capable of outgrowing when enrichments of media were made.
Effect of amino acids and other compounds on the inhibition of outgrowth by EP. The reason why the enrichment of CDGS medium by vitamin-free Casamino Acids reversed the outgrowth inhibited by EP could probably be due to either the availability of increased levels of CDGS amino acids or the availability of amino acids not present in CDGS medium. To examine this possibility, the effect of EP was studied after doubling the concentration of all amino acids present in CDGS medium (doublestrength CDGS). We did not find any change in absorbance, even in such double-strength CDGS cultures having EP. However, as shown in Fig. 2 , absorbance rose when the nitrogen provided by the amino acids of normal CDGS medium was substituted by the equivalent amount of nitrogen from vitamin-free Casamino Acids (determination of nitrogen in medium). This observation presented two possibilities: (i) that it was probably not the nitrogen content of the medium which relieved the inhibition, because doubling the nitrogen from CDGS amino acids did not work (as mentioned above), and (ii) that the amino acid(s) responsible for the reversal of EP-inhibited outgrowth was present in vitamin-free Casamino Acids. We, therefore, studied the effects of enrichment of CDGS medium with individual amino acids, some tricarboxylic acid cycle intermediates, nicotinic acid, and nicotinamide ( (12) . We investigated whether the addition of zinc sulfate would reverse EP-inhibited sporulation in the presence of lysine or any other amino acid which reverses the effect of EP on outgrowth. The data presented in Table 2 show that enrichment with zinc sulfate plus lysine reversed the inhibition of sporulation by EP considerably. The addition of zinc sulfate alone did not reverse inhibition, and the addition of lysine alone slightly stimulated sporulation (15 to 20%). Results show that absorbance did not rise in any media having EP unless lysine (or any other reversing agent) was added into inoculum. Actively dividing cells transferred from CDGS + EP + lysine medium to different media, viz., CDGS + EP, CDGS + EP + lysine, CDGS + EP + Zn, and CDGS + EP + Zn + lysine, continued dividing. However, significant sporulation occurred only when both lysine and Zn2+ (used as ZnSO4 7H20) were added to CDGS medium having EP. Data on pH, viable counts, and heat-stable counts were consistent with the stage of development in the sporal cycle, such that where sporulation occurred, heat-stable counts increased. Where there were no changes in absorbance, pH, and viable counts (in CDGS + EP, CDGS + Zn + EP, see Table 2 ), only the heat stability of spores was found to be lost, and spores became stainable.
Effect of time of addition of EP on outgrowth. On the basis of the results described above, it appeared likely that EP might be interfering at two stages, early after germination and during sporulation. It was interesting to examine the time beyond which the process(es) early after germination became insensitive to EP. The results (Table 3) demonstrate that the addition of EP at 3 min (3 min after the incubation of cultures) or thereafter did not stop outgrowth (as evidenced by appearance of visible turbidity after a lag period) but inhibited sporulation only. When EP was added after cultures had been incubated for 5 min, their outgrowth and growth (growth is insensitive to EP) became comparable to that of the controls, and the extent of increase in absorbance was almost directly proportional to the delay in time of the addition of EP.
DISCUSSION
In a normal medium, after germination and preceding first division, the spores enter the second phase, i.e., the phase of macromolecular synthesis (outgrowth) which is characterized by an increase in absorbance (4 results suggested that EP did not inhibit germination. However, spores germinated in a medium having EP demonstrated no increase in absorbance and no associated changes such as in morphology, pH, and viable counts. Similarly, in B. subtilis spores, a number of food preservatives and antibiotics did not inhibit germination but inhibited processes after germination (5). The viability of the germinated spores was not affected by long periods of incubation in EP-containing media as suggested by constant viable counts; i.e., EP had no lethal effect on spores. Reversal of EP inhibited the outgrowth by vitamin-free Casamino Acids, and by not supplying even increased levels of amino acids of CDGS medium suggested that the amino acid(s) most probably responsible for reversal was present in vitamin-free Casamino Acids and absent in CDGS medium.
Enrichment studies with individual amino acids revealed that alanine, aspartate, asparagine, lysine, phenylalanine, and tyrosine were effective in relieving the inhibition of outgrowth by EP. Repeated transfers to fresh medium having EP and unsupplemented with reversing agent (such as lysine) resulted in normal growth. This observation revealed that supplementation with a reversing agent was necessary to overcome the initial block (i.e., outgrowth) by EP, and once this was overcome, the growth was normal. The observation that vegetative cells continued to divide in the presence of EP indicated that EP might not be interfering with the ongoing processes of synthesis required for vegetative growth. How the amino acids mentioned above relieved the inhibition of outgrowth is not understood. One possibility is that during the course of early metabolism, these amino acids changed into some common intermediate, which in turn relieved the inhibition, although there is no evidence to support this hypothesis. Similarly, the reversal of inhibition by some other compounds, such as oxalacetate, nicotinic acid, and nicotinamide, could either occur by conversion of these compounds to a common intermediate (as mentioned above) or because of their structural resemblance to EP, which may account for a com- petitive effect. The amino acids and other compounds discussed above worked to reverse the effect of EP on outgrowth but not on sporulation. This observation suggested that the mechanisms by which EP blocked outgrowth and sporulation were most probably different. An earlier report suggested that the addition of zinc to the medium reversed the inhibition of sporulation by EP in B. cereus T cultured in glucose-yeast extract-salts medium (G medium) but not when cultured in CDGS medium (10) . They suggested that EP inhibited sporulation probably by undergoing hydrolysis intracellularly, with the acid that was produced chelating with some metal essential for utilization of neutral intermediates. The difference in these two media is that the yeast extract of Gmedium is replaced by only six amino acids in CDGS medium. EP did not inhibit outgrowth of B. cereus T spores when they were cultured in G-medium (N. K. Pandey and K. V. B. R. Tilak, unpublished data). As expected, in view of the above discussion, we observed significant reversal of sporulation when zinc was added to CDGS medium having EP and a compound that reverses the effect of EP on outgrowth, such as lysine.
The observation that the outgrowth of spores became insensitive to EP after a brief incubation period after inoculation in CDGS medium strongly suggested that the process(es) that was sensitive to EP and essential for outgrowth to commence took place soon after inoculation of heat-activated spores into the medium.
